Recent developments in the analysis of density dependent competition in Drosophila melanogaster have identified two distinct parameters, namely the competitive pressure or aggression exerted by a genotype and the sensitivity or response of a genotype to such aggression. Assuming that response is more related to the efficiency of utilising available resources and aggression to the ability to acquire those resources, we attempt to relate estimates of aggression and response obtained from a range of genotypes to estimates of larval feeding rates and conversion efficiences. No significant correlations were found and we conclude that other characteristics must be involved in a more complex determination of competitive ability.
INTRODUCTION
Recent developments in the analysis of competition (Mather and Caligari, 1981, 1983; Spitters, 1983a Spitters, , 1983b make it possible to separate the effects of intra-and inter-genotypic competition in mixed cultures. The behaviour of a genotype over a density series is taken as an estimate of intragenotypic competition. By comparing the performance of a primary (indicator) genotype when mixed with an associate competitor with its performance in mono-culture, the effects of intra-and intergenotypic competition can be separated. From each pair of genotypes we can obtain two estimates of inter-genotypic competition (the effect of competitor X on the performance of competitor Y, and the effect of Y on the performance of competitor X) and from the corresponding monocultures the effects of intra-genotypic competition (Caligari, 1980) . The strengths and weaknesses of competitors are relative parameters in that mixtures contain information about the competitors solely in relation to each other. Thus, two strong competitors in mixture may produce the same results as two weak competitors and all four might behave similarly in monoculture. Without further investigation of the biological basis of competitive ability, the predictive power of such experiments is reduced.
Investigations into the biological background of larval competition in Drosophila have concentrated on the estimation of parameters of individual genotypes which can be used to predict the outcome of competition. These may then be used to define a growth equation based on the supply, acquisition and assimilation of biomass (Bakker, 1961; de Jong, 1976; Nunney, 1983) . The simultaneous growth of two non-interacting strains on a limiting resource can then be modelled and the predictions compared with the observations to determine the accuracy of the model. In plant competition a variety of such models exist (e.g., Spitters and Aerts, 1983; Spitters, 1986) which include a number of other environmental parameters affecting plant growth. Another approach is to search for a biological meaning to some of the parameters estimated from competition experiments. For example, the competitive effect of an associate genotype X on the density response of an indicator genotype V contains information about both X and Y. The effect can be interpreted as the capacity of X to reduce the performance of Y (the aggression of X) or the sensitivity of indicator V to the presence of competitor X (the response of Y). The values of aggression and response can be calculated for each genotype when placed in a variety of associations.
Previous studies by Bakker (1961) suggest that competitive ability is determined by two types of character, namely those related to resource acquisition and those to resource utilisation. The mean response of a genotype measures how much it is affected by the limitations of the environment and might therefore be related to those characteristics associated with the utilisation of resources after acquisition. Mean aggression, measures the ability of a genotype to impose such limitations, and might therefore be more related to the acquisition of resources.
Here we report the competitive characteristics of genotypes previously investigated with respect to a variety of biological parameters which might be related to competition (de Miranda and Eggleston, 1987b) . Correlation analyses are used to define the relationships between the biological parameters (larval feeding rate and larva to adult conversion efficiency) and the competitive parameters. (aggression and response).
EXPERIMENTAL DETAILS
The experimental procedures used are identical to those of de Miranda and Eggleston (1987a) . In short, competition took place in glass vials each with 50 ml 2 per cent bacto agar as a non nutritive base, and 55O mg live yeast (Sigma YSC-2) as the food source. The wild type inbred strains used in the experimental conditions are identical to those used for the determination of the larval feeding parameters (de Miranda and Eggleston, 1987b Where T5, T27, T19 and T25 refer to four inbred lines derived from the Texas population (Linney et a!., 1971) .
Two yellow marked strains (y2T19 and y2T25) were used as testers for the wild type strains in the mixed cultures and the yellow body colour is used to separate the competitors in duoculture. Previous studies have shown that the y2 allele itself has little effect on the competitive behaviour of the strains (Caligari, 1980; Mather and Caligari, 1981; Eggleston, 1987) .
For each of the genotypes one monoculture density series (30, 60, 90 and 120 eggs/culture) and all possible duoculture combinations of wild type and yellow strain were raised following the replacement density series of de Wit (1960) , with (30:90), (60:60) and (90:30) wild type:yellow eggs/culture. All cultures in each experiment were individually randomised and incubated at 25°C 0•5°C. The experiment was repeated four times to provide a source of error variation. The adults were collected daily for 10 days from each culture, and were separated by body colour, counted and weighed.
Two competitive parameters were investigated. p = proportion of seeded eggs of a genotype surviving to adulthood. = mean weight of the surviving adults of each genotype.
p was transformed to p using the angular transformation (Bartlett 1947) and ii' was transformed to 1/ for regression purposes (de Miranda and Eggleston, 1987a) . The results were analysed using the multiple linear regression procedure of Mather and Caligari (1981) . such an analysis. The slope bm is the response of a genotype to density in monoculture and the slope bd is its response in duoculture. (Mather and Caligari, 1983, Eggleston, 1985, de Miranda and Eggleston, 1987 a) there is considerable variation between the genotypes for mean aggression and mean response (X) = 1703 and X7) = 3747 respectively for the character pa; X)=2467 and X(7)=641 respectively for the character 1/ ', all of which are highly significant).
These earlier studies also indicated that mean aggression and mean response varied independently. However, in this study the correlations between mean aggression and mean response were r6=093 for Pa and r6=078 for 1/u' (P<0001 and P < 005 respectively). As a third of each estimate of mean aggression arises from the value for intra-genotypic competition and this value is also included in the estimate of mean response a positive correlation was not unexpected. Exclusion of the values for intra-genotypic competition from estimates of mean aggression and mean response reduces the correlation coefficients to r6 = 062 and r6=011 for Pa and 1/ui' respectively, neither of which is significant. Table 3 shows the estimates and variances of the e-values of the eight wild type genotypes for Pa and 1/ui'. Significant genotypic variation exists for both Pa and 1/ui' (=84916 and X7)= 523161 respectively). The relationships between the biological parameters defined in the accompanying paper (de Miranda and Eggleston, 1987b) and the estimates of aggression and response are described in table 4. The estimates of aggression and response used are those that exclude the values for intra-genotypic competition since this improves both the primary and partial correlations. Only larval feeding rates (b53 and b77) and larva-adult conversion efficiencies (n53 and n77) are considered in table 4. Larval conversion efficiency (also investigated by de Miranda and Eggleston, 1987b) showed little correlation with either competitive parameter, and was excluded from further analysis. ability assumes that all larval mortality is due to the effects of competition and that at low densities survival is high and near the percentage egg hatchability. This however, is not the case.
Genotypes 25A and 25C in particular show high levels of non-competitive death, resulting in a low e value and a near absence of intra-genotypic competition for Pa, and a similar, though not so Table 1 Estimates of intra-and extreme case for 1/. Since the linear component of the critical curve for the mean adult weight (iii) extends over a large range of densities (Bakker, 1961 ) the effect of intra-genotypic competition on may be unbiased although its e value may be displaced. For p the critical curve is contained within a far narrower range of densities (Bakker, 1961; Kearsey, 1967) and the presence of noncompetitive larval mortality may have serious repercussion on the estimation of the effects of intra-genotypic competition. Both de Jong and Nunney's models for larval growth (de Jong, 1976; Nunney, 1983) allow for larval mortality independent of competitive mortality, but do not relate this to any particular instar. Clearly, if noncompetitive larval mortality occurred near the end of the larval phase, after food exhaustion, the effect of this on the density response in Pa would merely be to shift the e-value. Early larval death would reduce the effective density and increase the chances of survival for the remaining larvae. The low e value for Pa and a low e value for 1/i (indicating a large average adult weight at the highest density) suggest that this is indeed true for genotypes 25A and 25C. Larval mortality may have a more serious effect on the estimation of intergenotypic competition. Early death of a significant proportion of one genotype means that the extra food available is shared between the two groups of competitors according to their abilities to acquire the resource, which artificially enhances the prospects of survival and may produce a high adult weight for both. Much depends on the actual timing of larval mortality, the competitive relation- ship at that time, and the influence of extra food on the length of the instar stages for each genotype. The basic assumption of these experiments was that competitive ability is largely determined by a few major biological parameters, operating during the larval stage. Most of the available food is probably consumed by second and early third instars making these two stages the main targets for a study of the biological parameters. Correlation of the food acquisition and utilisation capabilities of these stages with the competitive parameters of aggression and response might then provide a quick means of testing individual genotypes for their relative competitive abilities.
However, the lack of a significant correlation between aggression and larval feeding rates, and between adult or larval conversion efficiences and response suggest that the determination of competitive ability is not as simple as this. For the character p. the absence of any meaningful correlation can be ascribed to the nature of the character. The central biological characteristic necessary for survival is the attainment of a minimum larval weight required for successful pupation, which varies between genotypes (Bakker, 1961) . For the character 1/i attainment of the minimum pupation weight is less critical in determining the relative competitive abilities, since the character is not so much concerned with survival, as with the larval growth after survival has been assured. Possibly as a result, the relevant correlation coefficients between the biological and the competitive parameters are higher for this character than for Pa Although the biological parameters estimated are undoubtedly important in determining the overall competitive phenotype, they do not override other aspects of larval growth. It would, therefore, be futile to postulate a general larval growth model based on them since too many factors remain unknown. These include the duration of the various instar stages, with the levels of density independent mortality in each stage, (Sokal and Bryant, 1967 ) the minimum larval weights required for pupation and the larval feeding rates in the late third instar. In addition larval growth may be influenced by random variability in the timing of the larval moults which might produce the large and heterogenous replication errors associated with the third instar feeding rates. Altapov's early study of the larval instar stages (Altapov, 1929) shows a large difference between replicates in the mean transitional time between second and third instar larvae, without change in the spread around these means, suggesting that whatever caused the shift has affected all larvae similarly. If this similarity extends to different genotypes we would find a correlated growth pattern in duocultures that would make nonsense of individual parameters, estimated at defined time intervals, whilst leaving the relative competitive abilities of the competitors unimpaired. Robertson's ecological study of the relationships between the length of the larval period and adult body weight on sub-optimal diets (Robertson, 1960a (Robertson, , 1960b (Robertson, , 1960c (Robertson, , 1963 (Robertson, , 1964 
